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(54) BONE CLAMP AND SURGICAL TRACKING SYSTEM COMPRISING THE BONE CLAMP

(57) A bone clamp comprising two or more clamping
members configured to clampingly receive a bone ther-
ebetween is described. The bone clamp further compris-
es a basis supporting at least two of the clamping mem-
bers at a first distance to each other. At least one of the
at least two clamping members has a body and is rotat-
ably supported by the basis. The at least one rotatably
supported clamping member has a bone engaging struc-
ture extending helically along at least a part of a length
of its body. The bone engaging structure is configured to
engage a side surface of the bone upon rotation of the
at least one rotatably supported clamping member.
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Description

Technical Field

[0001] The present disclosure generally relates to a
bone clamp. In some versions, the bone clamp is config-
ured to support an auxiliary device such as a tracker of
a surgical tracking system. Also presented is a surgical
tracking system comprising the bone clamp.

Background

[0002] Bone clamps are used for many purposes. In
some cases, bone clamps help to join bone parts. In other
cases, bone clamps support an auxiliary device assisting
in a surgical intervention. An example of such an auxiliary
device is a tracker of a surgical tracking system. Bone
clamps can be used to attach the tracker to a bone that
is to be tracked during a surgical intervention. Surgical
tracking techniques are commonly used for assisting sur-
geons in a surgical navigation context in which a bone is
tracked using a dynamic reference frame.
[0003] To provide a high tracking accuracy and, thus,
the desired surgical results, the tracker has to be firmly
attached to the bone that is to be tracked. One possibility
in this regard is to use a bone clamp configured to support
the tracker. Conventional bone clamps comprise clamp-
ing jaws which are pressed against opposite bone sur-
faces (see the bone clamp described in EP 1 197 185
A). Another possibility is the use of bone screws to directly
attach the tracker to bone.
[0004] Each of these attachment options has its ad-
vantages and disadvantages. The use of bone screws
generally leads to a more stable fixation of the tracker
compared to the use of clamping jaws. Inserting bone
screws into bone is, however, an invasive procedure that
injures tissue and bone. While the use of conventional
bone clamps is generally less invasive than the use of
bone screws, the clamping jaws still need to be placed
over a significant area on both sides of a bone, and teeth
of the jaws must penetrate deep enough into the bone
to ensure a stable hold. Larger jaws usually also provide
a larger contact area and thus an improved grip. As a
result, the jaw surfaces can be of considerable size. On
the other hand, the tissue between the clamp and the
bone is damaged when the clamp is mounted. Thus, the
larger the jaw surfaces, the more invasive is the mounting
of the clamp.
[0005] Furthermore, conventional bone clamps are
largely made of non-radiolucent materials such as stain-
less steel. Such clamps thus create large artifacts on an
intraoperatively acquired image, such as an X-ray image.

Summary

[0006] There is a need for a device and a system ad-
dressing one or more of the above, or other, problems.
[0007] According to one aspect, a bone clamp com-

prising two or more clamping members configured to
clampingly receive a bone therebetween is provided. The
bone clamp further comprises a basis supporting at least
two of the clamping members at a first distance to each
other. At least one of the at least two clamping members
has a body and is rotatably supported by the basis. The
at least one rotatably supported clamping member has
a bone engaging structure extending helically along at
least a part of a length of its body. The bone engaging
structure is configured to engage a side surface of the
bone upon rotation of the at least one rotatably supported
clamping member.
[0008] The bone clamp may be used for various pur-
poses, such as joining bone parts. Additionally, or in the
alternative, the bone clamp may be used as a support
structure for an auxiliary device used during a surgical
intervention. The bone clamp may be configured to be
detachably mounted to bone.
[0009] The basis may be substantially be made of a
solid material. The base may be substantially made of a
radiolucent material (e.g., from a polymeric material). The
body of one or more of the clamping members may be
substantially cylindrical (possibly including a certain ta-
pering in a direction towards the bone, wherein the ta-
pering is less than 20°, in particular less than 10° relative
to a longitudinal axis of the body). One or more of the
clamping members may be integrally formed with the ba-
sis.
[0010] The bone engaging structure may be a contin-
uous thread or a thread-like structure. The thread-like
structure may comprise discontinuous, spaced-apart
protrusions arranged along a helical path. The thread or
thread-like structure may have a self-tapping configura-
tion. The at least one rotatably supported clamping mem-
ber may be a self-tapping bone screw. The thread or
thread-like structure may be configured to cut into a side
surface of a bone upon rotation of the at least one rotat-
ably supported clamping member. The thread or thread-
like structure may have at least one of a diameter be-
tween 1 mm and 7 mm, in particular between 3 mm and
5 mm, a height between 5 mm to 50 mm, in particular
between 10mm and 40 mm, and a pitch between 0.5 mm
and 5 mm, in particular between 1 mm and 4 mm.
[0011] At least one of the at least two clamping mem-
bers may have a body without any bone engaging struc-
ture and, for example, form a pin. Additionally or alterna-
tively, at least one of the at least two clamping members
may be formed as a planar or curved plate (with or without
any bone penetrating structures on a surface facing a
side surface of the bone received by the bone clamp).
Such a clamping member without any bone engaging
structure may be configured immovable relative to the
base (e.g., integral with the base). In some versions, such
a clamping member may comprise teeth on a bone con-
tacting surface thereof.
[0012] In one variant, the at least two clamping mem-
bers may each have a body that is rotatably supported
by the basis and has a bone engaging structure extending
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helically along at least a part of a length of its body. The
at least two rotatably supported clamping members may
be supported at the first or a second distance from each
other. In the case of three or more clamping members,
a first and a second rotatably supported clamping mem-
ber may be supported at the first distance and the first
and at least one third (e.g., non-rotatable) clamping mem-
ber may be supported at the second distance. The first
and the second clamping members may be arranged on
a first side of the bone and the at least one third clamping
member may be arranged on a second side of the bone
opposite to the first side. At least one of the first distance
and the second distance may be predefined. At least one
of the first distance and the second distance may be fixed.
The first distance may be smaller or larger than the sec-
ond distance.
[0013] The first distance may be selected such that the
at least two clamping members can be brought into a
clamping engagement with a bone from at least a first
side and a second side of the bone. The second side
may be opposite to the first side. For example, the bone
clamp may comprise three, four or more clamping mem-
bers configured to be brought into a clamping engage-
ment with a bone from two, three or four sides. The size
of the bone may be previously known or determined. For
example, the bone clamp may be dimensioned to be
clamped to a vertebra, in particular a spinous or trans-
verse process of the vertebra. In another example, the
bone clamp may be dimensioned to be clamped to a bone
of a pelvis or a collar bone or another bone.
[0014] The second distance may be selected based
on a side length of the bone, in particular of the first or
the second side of the bone. Two clamping members
arranged on the same side of the bone may be spaced
apart by the second distance.
[0015] In one variant, at least one of the rotatably sup-
ported clamping members may be located on the first
side of the bone and at least another rotatably supported
clamping members may be located on the second side
of the bone. The bone engaging structures of the rotat-
ably supported clamping members located on the first
and second sides of the bone may be configured to en-
gage the respective one of the first and second sides of
the bone upon rotation of the respective rotatably sup-
ported clamping member. In some implementations, the
bone clamp comprises at least three or four rotatable
clamping members, with at least one or two rotatable
clamping member being located on the first side and at
least two rotatable clamping members being located on
the second side.
[0016] In one variant, each of the at least two clamping
members has a longitudinal axis, with the longitudinal
axes of the at least two clamping members extending
substantially parallel to each other. A substantially par-
allel extension may, for example, be given if the axes (or
their extensions) enclose an angle of less than +/-10°.
[0017] In one variant, the bone clamp may be config-
ured to move in a direction parallel to the longitudinal

axes of the at least two rotatably supported clamping
members upon simultaneous rotation thereof. In this var-
iant, upon rotation of the rotatably supported clamping
members, the clamping members may not individually
move relative to the basis along the longitudinal axes
towards the bone. Instead, the whole bone clamp moves
in a direction parallel to the longitudinal axes. In such a
variant, the rotatably supported clamping members may
be infinitely rotatable in the basis without advancing rel-
ative to the basis.
[0018] In another variant, each of the at least one ro-
tatably supported clamping member is configured to
move relative to the basis in a direction parallel to the
longitudinal axis of its body, when rotated. Upon rotation,
the at least one rotatably supported clamping member
may thus advance relative to the base. In this variant,
multiple rotatably supported clamping members, if
present, may be rotated nonsimultaneously.
[0019] In some implementations, the bone clamp may
comprise a combination of one or more rotatably sup-
ported clamping members that are configured to move
along their respective longitudinal axes relative to the
basis when rotated, and one or more rotatably supported
clamping members that are configured not to move along
their respective longitudinal axes relative to the basis
when rotated.
[0020] The body of the at least one rotatably supported
clamping member may comprise a distal portion config-
ured to receive at least a part of an actuation member
configured to rotate the at least one rotatably supported
clamping member. The distal portion may comprise a
torque-receiving structure (e.g., it may be formed like a
screwhead). In particular, the distal portion may comprise
a slot, a cross-slot, a hexagonal socket or a socket having
any other geometrical form suited to receive an actuation
member capable of generating or transmitting a torque.
The basis may be formed to support the rotatably sup-
ported clamping member in such a way that the distal
portion does not extend beyond the basis.
[0021] The body of the at least one rotatably supported
clamping member may comprise a tapering proximal por-
tion. The tapering portion may form a pointed or a round-
ed tip. The body of the at least one rotatably supported
clamping member may further comprise a substantially
cylindrical portion adjacent to the tapering proximal por-
tion. In some implementations, the bone engaging struc-
ture extends over at least a portion of the tapering prox-
imal portion and (e.g., an adjacent) portion the substan-
tially cylindrical portion.
[0022] In one variant, the basis may be made of radi-
olucent material (e.g., a polymer). In this variant, only the
clamping members of the bone clamp may be radiopaque
(e.g., the clamping members may be made from metal).
As a result, the size of artifacts in an interoperative scan
(e.g., an x-ray image) of a patient anatomy with the bone
clamp mounted thereon may be reduced in comparison
to common bone clamps.
[0023] The bone clamp may comprise a gear unit. The
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gear unit may have a single torque input structure and a
torque output structure for each of two or more of the
rotatably supported clamping members to simultaneous-
ly rotate each of the rotatably supported clamping mem-
bers in response to an input torque. Each torque output
structure may comprise an actuation member for actuat-
ing a rotatably supported clamping member. The single
torque input structure and the torque output structures
may be connected via an epicyclic gear train, such as a
planetary gearset. The gear unit may thus enable a com-
fortable way to simultaneously actuate multiple rotatably
supported clamping members. Simultaneously actuating
multiple rotatably supported clamping members may re-
sult in a faster way of mounting and dismounting the bone
clamp compared to an individual actuation of each rotat-
ably supported clamping member.
[0024] In one variant, the bone clamp may comprise
an interface configured for releasably engaging the gear
unit, or vice versa. The interface may comprise at least
one fastening member configured to releasably engage
at least one complementary fastening member of the
gear unit (or vice versa). For example, the fastening
members may comprise at least one of complementary
snap fit connections, screws and complementary
threads.
[0025] The bone clamp may comprise a guiding mem-
ber or an interface for receiving the guiding member. The
interface may be configured to releasably receive the
guiding member. The guiding member may comprise a
guiding tube for each of the at least one rotatably sup-
ported clamping members, each guiding tube being con-
figured for guiding an actuation member (such as a screw
driver) to the respective rotatably supported clamping
member.
[0026] The bone clamp may support, or may be con-
figured to support, an auxiliary device. The auxiliary de-
vice may be a tracker of a surgical tracking system. The
tracker may comprise one or more trackable elements.
The configuration of the trackable elements depends on
the nature of the tracking system, so that the tracker may
be an optic tracker or an electromagnetic tracker. As
such, the trackable elements may take the form of pas-
sive or active optical markers (e.g., light emitting diodes,
LEDs, emitting in the visible or infrared spectrum), elec-
tromagnetic field sensors (e.g., coils), and so on. In some
variants, the bone clamp comprises an interface config-
ured to support the tracker. The interface may be config-
ured to releasably receive the tracker. The interface may
be configured to generate a clamping force (see, e.g.,
EP 1 197 185 A) or to be based on a form fit (e.g., when
the interface is provided by the guiding member).
[0027] According to another aspect, a surgical tracking
system is provided. The surgical tracking system com-
prises the bone clamp as described herein. The surgical
tracking system further comprises a tracker (e.g., detach-
ably) supported by the bone clamp and a sensor system
configured to detect the tracker supported by the bone
clamp. The tracker may be an optical tracker and the

sensor system may comprise an optical camera.

Brief Description of the Drawings

[0028] Further features and advantages of the bone
clamp and the surgical tracking system presented herein
are described below with reference to the accompanying
drawings, in which:

Fig. 1 illustrates a schematic representation of a
bone clamp that is clamped to bone;

Fig. 2 illustrates a schematic representation of an
interaction between clamping members of a
bone clamp and bone;

Fig. 3A illustrates a schematic representation of a
bone clamp comprising a guiding member;

Fig. 3B illustrates a schematic representation of the
bone clamp of Fig. 3A with an optical tracker
mounted to the guiding member;

Fig. 4 illustrates a schematic representation of mul-
tiple bone clamps, each mounted to a different
vertebra;

Fig. 5 illustrates a schematic representation of a
bone clamp and a gear unit configured to op-
erate the bone clamp;

Fig. 6 illustrates a schematic representation of a
bone clamp with a guiding member, a gear
unit and a tracker;

Fig. 7 illustrates a schematic representation of a
gear unit for a bone clamp; and

Fig. 8 illustrates a schematic representation of a sur-
gical tracking system comprising the bone
clamp and the optical tracker of Fig. 3B and
a camera system.

Detailed Description

[0029] In the following description, for purposes of ex-
planation and not limitation, specific details are set forth
in order to provide a thorough understanding of the
present disclosure. It will be apparent to one skilled in
the art that the present disclosure may be practiced in
other embodiments that depart from these specific de-
tails.
[0030] The same reference numerals are used to de-
note the same or similar components.
[0031] Fig. 1 illustrates a schematic representation of
a bone clamp 100 clamped to a bone 105. In the example
of Fig. 1, the bone 105 is a transverse process of a ver-
tebra. The bone clamp 100 comprises a basis 110 and
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three clamping members 120, each rotatably supported
by the basis 110. The basis 110 is made from a solid,
polymeric and radiolucent material.
[0032] Each of the rotatably supported clamping mem-
bers 120 comprises a substantially cylindrical body 122
extending along a longitudinal axis thereof. Each of the
clamping members 120 further comprises a bone engag-
ing structure 124 extending helically along at least a part
of a length of its substantially cylindrical body 122. The
bone engaging structures 124 shown in Fig. 1 form a
thread extending along a part of the length of the sub-
stantially cylindrical bodies 122. The thread may have a
self-tapping configuration. The clamping member bodies
122 may be derived from bone screws.
[0033] In some implementations, the clamping mem-
bers 120 are infinitely rotatable in the basis 110 (i.e., with-
out being advanced relative to the basis 110). In such
implementations, one or more (e.g., all) of the clamping
members 120 may comprise a non-threaded portion be-
tween its head and its threaded portions. This non-
threaded portion may then be rotatably supported in the
basis 110. In other implementations, the basis 110 may
comprise a counter-thread (not shown) for at least one
of the bone engaging structures 124 (or for another
thread type provided between a head of the clamping
member 120 and the corresponding bone engaging
structure). The counter-thread enables the correspond-
ing at least one clamping member 120 to move relative
to the basis 110 in a direction parallel to the longitudinal
axis of its body 122 upon rotation thereof. Each clamping
member 120 may be actuated, i.e., rotated individually.
[0034] As further shown in Fig. 1, one of the rotatably
supported clamping members 120 is located at a first
side of the transverse process (i.e., the back side of the
transverse process in the view of Fig. 1). The other two
rotatably supported clamping members 120 are located
at an opposite second side of the transverse process,
i.e., the front side of the transverse process.
[0035] The rotatably supported clamping members
120 located on the first and second sides of the trans-
verse process are spaced apart from each other in such
a way that the respective bone engaging structure 124
engages the respective surfaces of the first and second
sides of the transverse process (e.g., for about 0,5 to 3
mm). As a result, the transverse process is clampingly
engaged by the bone clamp 100.
[0036] Utilizing rotatably supported clamping mem-
bers 120 reduces the invasiveness compared to common
bone clamps or bone screws that are fully (i.e., over 360°
of their circumference) screwed into bone. Further, the
basis 110 may be made of translucent material. As a
result, the size of artifacts in surgical image data will be
reduced.
[0037] Fig. 2 illustrates a schematic representation of
an interaction between clamping members 120 of a bone
clamp 100 with bone 105. A first clamping member 120
shown on the right side of the bone 105 is a rotatably
supported clamping member 120A as described with ref-

erence to Fig. 1. Upon rotation of the rotatably supported
clamping member 120A, the bone engaging structure
124 engages a surface of a side of the bone 105. De-
pending on the direction of the rotation, the rotatably sup-
ported clamping member 120A advances along the sur-
face of the bone 105 either in a downward direction for
mounting the bone clamp 100 or in an upward direction
for dismounting the bone clamp 100.
[0038] A second clamping member 120B shown on the
left side of the bone 105 does not comprise a bone en-
gaging structure 124 in the example illustrated in Fig. 2.
The clamping member 120B may form a rod or a plate-
like structure and may be integral with the basis.
[0039] The clamping member 120B may comprise one
or more bone piercing structures such as teeth (not
shown) configured to pierce the left side of the bone, e.g.,
prior to or upon advancing of the first clamping member
120 along the right side of the bone. In some variants,
the clamping member 120B is first brought into firm abut-
ment with one side of the bone 105. Then, the rotatably
supported clamping member 120A is actuated and ad-
vances relative to the basis in a downward direction (as
illustrated by the straight arrow in Fig. 2).
[0040] Fig. 3A illustrates a schematic representation
of a bone clamp 100 comprising three rotatably support-
ed clamping members 120 and a guiding member 200.
The longitudinal axes of the bodies 122 of the clamping
members 120 extend substantially in parallel directions
(with angular deviation of +/- 10° or less). The guiding
member 200 comprises three guiding tubes 210, i.e., one
guiding tube 210 for each of the rotatably supported
clamping members 120. Each guiding tube 210 is asso-
ciated with a different one of the rotatably supported
clamping members 120 in that the guiding tube 210 is
formed as a substantially hollow-cylindric sleeve extend-
ing co-axially relative to the body 122 of the associated
clamping member 120.
[0041] The guiding tubes 210 are configured for guid-
ing an actuation member (not shown) to the head of each
of the rotatably supported clamping members 120. Each
head comprises a torque-receiving structure to be driven
by the actuation member. Since the rotatably supported
clamping members 120 extend in parallel directions, si-
multaneous actuation (i.e., simultaneous rotation) of the
clamping members 120 is facilitated. In case of simulta-
neous actuation, the bone clamp 100 is configured to
move in a direction parallel to the longitudinal axes of the
bodies 122 of the clamping members 120. In other words,
no relative translational movement between the basis
110 and the clamping members 120 takes place upon
simultaneous actuation of the clamping members 120.
[0042] In another example, the bone clamp 100 com-
prises an interface (not shown) for removably receiving
the guiding member 200. A removable guiding member
200 may lead to a less obstructed surgical area, which
results in better view and less obstructions for a surgeon.
Further, cleaning of the bone clamp 100 and the guiding
member 200 may be facilitated and reusability may be
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improved.
[0043] Fig. 3B illustrates a schematic representation
of the bone clamp 100 of Fig. 3A with an optical tracker
300 attached to the guiding member 200. The optical
tracker 300 comprises four passive markers 310 in the
form of reflective spheres and is releasably attached to
the guiding member 200. For attachment to the guiding
member 200, the tracker 300 comprises three cylindrical
protrusions 320 configured to be received by the guiding
member 200 in a form-fitting manner.
[0044] Fig. 4 illustrates a schematic representation of
multiple bone clamps 100, each mounted to a different
vertebra and comprising an interface 400 configured to
releasably support an associated optical tracker 500. In
this configuration, multiple vertebrae can be tracked dur-
ing a surgical intervention.
[0045] The interface 400 of each tracker 500 is located
on a side surface of the basis 110 and extends longitu-
dinally in a direction parallel to longitudinal axes of the
bodies 122 of the rotatably supported clamping members
120. The interface 400 may be releasably attachable to
the basis 110. Each tracker 500 comprise four passive
optical markers 510. Further, each tracker 500 is config-
ured to removably receive a distal portion of the interface
400 of the bone clamp 100.
[0046] Removably attaching the interface 400 to the
base 110 and the tracker 500 to the interface 400 in-
creases adaptability of each individual bone clamp 100
to the needs of a surgeon. Further, tracker registration
may be facilitated. In particular, a registration of a first
tracker 500 may be used for registration of a second
tracker 500. After registration of the second tracker 500,
the first tracker 500 may be removed to provide a less
obstructive surgical space.
[0047] Fig. 5 illustrates a schematic representation of
a bone clamp 100 comprising multiple rotatably support-
ed clamping members 120 and a gear unit 600 for simul-
taneously actuating the rotatably supported clamping
members 120. The gear unit 600 comprises a single
torque input structure 610 with a central sun gear 612
and multiple torque output structures 620 with associated
planetary gears 622. The gear unit 600 comprises one
torque output structure 620 for each of the rotatably sup-
ported clamping members 120, with each torque output
structure 620. Each of the planetary gears 622 of the
torque output structures is configured to mesh with the
sun gear 612 of the torque input structure 610 to enable
simultaneous rotation of the torque output structures 620
in response to an input torque. Each of the torque output
structures 620 is further configured to engage one of the
rotatably supported clamping members 120 in a torque-
transmitting manner. Therefore, simultaneous rotation of
the torque output structures 620 in response to an input
torque results in a simultaneous rotation of the rotatably
supported clamping members 120 when the torque out-
put structures 620 engage the rotatably supported clamp-
ing members 120.
[0048] The gear unit 600 further comprises a housing

630 with an upper housing part 632 and a lower housing
part 634. The upper and lower housing parts 632, 634
are shown spaced apart from each other to allow a better
view of the gears 612, 622 of the torque input structure
610 and the torque output structures 620, respectively.
In an assembled state, the upper and lower housing parts
632, 634 are removably attached to each other and abut
each other (see Fig. 6). The housing 630 is configured
to rotatably support the torque input and output structures
610, 620.
[0049] Fig. 6 illustrates a schematic representation of
a bone clamp 100 with a guiding member 200 and a gear
unit 600 as described herein, and a tracker 700. The guid-
ing member 200 is releasably attached to the bone clamp
100 and has a longitudinal axis extending parallel to the
longitudinal axes of the rotatably supported clamping
members 120 of the bone clamp 100. The guiding mem-
ber 200 is configured for receiving the torque output struc-
tures 620 of the gear unit 600 and guiding them to the
rotatably supported clamping members 120 of the bone
clamp 100.
[0050] The tracker 700 comprises a first end 710 sup-
porting four markers 712 and a second end 720 that is
releasably or non-releasably attached to the guiding
member 200. The second end 720 of the tracker 700
extends in a non-parallel manner relative to the longitu-
dinal axes of the guiding member 200 to provide sufficient
space for the gear unit 600. The gear unit 600 is shown
with its housing 630 in the assembled state, i.e., with the
upper and lower housing parts 632, 634 abutting each
other and being releasably attached to each other.
[0051] Fig. 7 illustrates a schematic representation of
another realization of a bone clamp 100 integrally com-
prising a gear unit 800. Further, an interface 900 for re-
ceiving a tracker 300, 500, 700 is releasably attached to
the basis 110.
[0052] The bone clamp 100 of Fig. 7 comprises a basis
110 with an upper part, i.e., a top, and lower part, i.e., a
bottom (the upper part of the basis 110 is not shown in
Fig. 7). The gear unit 800 comprises a single torque input
structure 810 with a sun gear 812 and multiple torque
output structures 820 with planetary gears 822. The
gears 812, 822 are located within the basis 110 of the
bone clamp 100. The torque input structure 810 extends
through the upper part of the basis 110. The basis 110
may releasably receive the torque input structure 810. In
one example, the rotatably supported clamping members
120 may integrally comprise the planetary gears 822.
[0053] The bone clamp 100 comprising the gear unit
800 as shown in Fig. 7 provides a compact design that
can be easily mounted to and dismounted from bone with-
out the need of an external gear unit 600 for simultaneous
actuation of the rotatably supported clamping members
120.
[0054] Fig. 8 illustrates a schematic representation of
a surgical tracking system comprising the bone clamp
100 with the optical tracker 300 of Fig. 3B and a camera
system 1000. The camera system 1000 may be a camera
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system 1000 commonly used for optical tracking. The
camera system 1000 shown in Fig. 8 comprises a stereo
camera 1010 and a processor 1020 configured to receive
and analyze image data from the stereo camera 1010 to
track the tacker 300 in a dynamic reference system. In
other examples, the camera system 1000 may comprise
a mono camera or a combination of mono and stereo
cameras. The camera system 1000 may be sensitive in
an infrared spectrum. In the case of passive markers, the
tracking system 100 may further comprise a light source
(e.g., an infrared light source).
[0055] In some variants, the tracking system may be
an electromagnetic tracking system with a generator ca-
pable of generating an electromagnetic field. In such var-
iants, the tracker may comprise one or more coils (e.g.,
integrated in the basis 110) configured to sense the elec-
tromagnetic field.

Claims

1. A bone clamp (100) comprising:

two or more clamping members (120) config-
ured to clampingly receive a bone therebe-
tween;
a basis (110) supporting at least two of the
clamping members (120) at a first distance to
each other, wherein
at least one of the at least two clamping mem-
bers (120) has a body (122) and is rotatably sup-
ported by the basis (110), the at least one rotat-
ably supported clamping member (120) having
a bone engaging structure (124) extending hel-
ically along at least a part of a length of its body
(122), wherein the bone engaging structure
(124) is configured to engage a side surface of
the bone upon rotation of the at least one rotat-
ably supported clamping member (120).

2. The bone clamp (100) of claim 1, wherein
the at least two clamping members (120) each have
a body (122) that is rotatably supported by the basis
(110) and has a bone engaging structure (124) ex-
tending helically along at least a part of a length of
its body (122), the at least two rotatably supported
clamping members (120) being supported at the first
or a second distance from each other.

3. The bone clamp (100) of claim 1 or 2, wherein
the first distance is selected such that the at least
two clamping members (120) can be brought into a
clamping engagement with a bone from at least a
first side and a second side of the bone.

4. The bone clamp (100) of claims 2 and 3, wherein

at least one of the rotatably supported clamping

members (120) is located on the first side of the
bone and at least another one of the rotatably
supported clamping members (120) is located
on the second side of the bone; and wherein
the bone engaging structures (124) of the rotat-
ably supported clamping members (120) locat-
ed on the first and second sides of the bone are
configured to engage the respective one of the
first and second sides of the bone upon rotation
of the respective rotatably supported clamping
member (120).

5. The bone clamp (100) of any of the preceding claims,
wherein
each of the at least two clamping members (120)
has a longitudinal axis, with the longitudinal axes of
the at least two clamping members (120) extending
substantially parallel to each other.

6. The bone clamp (100) of claim 5, when depending
on claim 2 or 4, wherein
the bone clamp (100) is configured to move in a di-
rection parallel to the longitudinal axes of the at least
two rotatably supported clamping members (120)
upon simultaneous rotation of the at least two rotat-
ably supported clamping members (120).

7. The bone clamp (100) of any of claims 1 to 5, wherein
each of the at least one rotatably supported clamping
member (120) is configured to move relative to the
basis (110) in a direction parallel to the longitudinal
axis of its body (122), when rotated.

8. The bone clamp (100) of any preceding claim,
wherein
the at least one rotatably supported clamping mem-
ber (120) comprises a distal portion configured to
receive at least a part of an actuation member con-
figured to rotate the at least one rotatably supported
clamping member (120).

9. The bone clamp (100) of any preceding claim,
wherein
the body (122) of the at least one rotatably supported
clamping member (120) comprises a tapering prox-
imal portion.

10. The bone clamp (100) of claim 9, wherein
the body (122) of the at least one rotatably supported
clamping member (120) comprises a substantially
cylindrical portion adjacent to the tapering proximal
portion, wherein the bone engaging structure (124)
extends at least over a portion of the tapering prox-
imal portion and the substantially cylindrical portion.

11. The bone clamp (100) of any preceding claim,
wherein
the basis (110) is made of radiolucent material.
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12. The bone clamp (100) of claim 2 or of any of claims
3 to 11 when depending on claim 2, comprising one
of

a gear unit (600, 800) having a single torque
input structure (610, 810) and a torque output
structure (620, 820) for each of the rotatably sup-
ported clamping members (120) to simultane-
ously rotate each of the rotatably supported
clamping members (120) in response to an input
torque, and
an interface configured for releasably engaging
the gear unit (600, 800).

13. The bone clamp (100) of claim 12, wherein
the interface comprises at least one fastening mem-
ber configured to releasably engage at least one
complementary fastening member of the gear unit
(600, 800), or vice versa.

14. The bone clamp (100) of any preceding claim, com-
prising
one of a guiding member (200) and an interface for
receiving the guiding member (200), wherein
the guiding member (200) comprises a guiding tube
for each of the at least one rotatably supported
clamping members (120), each guiding tube being
configured for guiding an actuation member to the
respective rotatably supported clamping member
(120).

15. The bone clamp (100) of any preceding claim,
wherein
the bone clamp supports, or is configured to support,
an auxiliary device.

16. The bone clamp (100) of any preceding claim, com-
prising one of
a tracker (300, 500, 700) of a surgical tracking sys-
tem supported by the bone clamp (100); and
an interface (400, 900) configured to support the
tracker (300, 500, 700).

17. A surgical tracking system comprising:

the bone clamp (100) of claim 16 supporting the
tracker (300, 500, 700); and
a sensor system (1000) configured to detect the
tracker (300, 500, 700) supported by the bone
clamp (100).

18. The surgical tracking system of claim 17, wherein
the tracker (300, 500, 700) is an optical tracker and
the sensor system (1000) comprises an optical cam-
era.

Amended claims in accordance with Rule 137(2)
EPC.

1. A bone clamp (100) comprising:

two or more clamping members (120) config-
ured to clampingly receive a bone therebe-
tween;
a basis (110) supporting at least two of the
clamping members (120) at a first distance to
each other, wherein
the at least two clamping members (120) each
have a body (122) that is rotatably supported by
the basis (110) and a bone engaging structure
(124) extending helically along at least a part of
a length of its body (122), wherein the bone en-
gaging structure (124) is configured to engage
a surface of the bone upon rotation of the re-
spective rotatably supported clamping member
(120), wherein, depending on the direction of
the rotation, the rotatably supported clamping
member (120) advances along the surface of
the bone either in a downward direction for
mounting the bone clamp (100) or in an upward
direction for dismounting the bone clamp (100);
the bone clamp further comprising one of:

a gear unit (600, 800) having a single torque
input structure (610, 810) and a torque out-
put structure (620, 820) for each of the ro-
tatably supported clamping members (120)
to simultaneously rotate each of the rotata-
bly supported clamping members (120) in
response to an input torque, and
an interface configured for releasably en-
gaging the gear unit (600, 800).

2. The bone clamp (100) of claim 1, wherein
the first distance is selected such that the at least
two clamping members (120) can be brought into a
clamping engagement with a bone from at least a
first side and a second side of the bone.

3. The bone clamp (100) of claims 1 and 2, wherein

at least one of the rotatably supported clamping
members (120) is located on the first side of the
bone and at least another one of the rotatably
supported clamping members (120) is located
on the second side of the bone; and wherein
the bone engaging structures (124) of the rotat-
ably supported clamping members (120) locat-
ed on the first and second sides of the bone are
configured to engage the respective one of the
first and second sides of the bone upon rotation
of the respective rotatably supported clamping
member (120).
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4. The bone clamp (100) of any of the preceding claims,
wherein
each of the at least two clamping members (120)
has a longitudinal axis, with the longitudinal axes of
the at least two clamping members (120) extending
parallel to each other.

5. The bone clamp (100) of claim 4, wherein
the bone clamp (100) is configured to move in a di-
rection parallel to the longitudinal axes of the at least
two rotatably supported clamping members (120)
upon simultaneous rotation of the at least two rotat-
ably supported clamping members (120).

6. The bone clamp (100) of any of claims 1 to 4, wherein
each of the at least two rotatably supported clamping
members (120) is configured to move relative to the
basis (110) in a direction parallel to the longitudinal
axis of its body (122), when rotated.

7. The bone clamp (100) of any preceding claim,
wherein
each of the at least two rotatably supported clamping
members (120) comprises a distal portion configured
to receive at least a part of an actuation member
configured to rotate the at least one rotatably sup-
ported clamping member (120).

8. The bone clamp (100) of any preceding claim,
wherein
the body (122) of each of the at least two rotatably
supported clamping members (120) comprises a ta-
pering proximal portion.

9. The bone clamp (100) of claim 8, wherein
the body (122) of each the at least two rotatably sup-
ported clamping members (120) comprises a cylin-
drical portion adjacent to the tapering proximal por-
tion, wherein the bone engaging structure (124) ex-
tends at least over a portion of the tapering proximal
portion and the cylindrical portion.

10. The bone clamp (100) of any preceding claim,
wherein
the basis (110) is made of radiolucent material.

11. The bone clamp (100) of any preceding claim,
wherein
the interface configured for releasably engaging the
gear unit (600, 800) comprises at least one fastening
member configured to releasably engage at least
one complementary fastening member of the gear
unit (600, 800), or vice versa.

12. The bone clamp (100) of any preceding claim, com-
prising

one of a guiding member (200) and an interface

for receiving the guiding member (200), wherein
the guiding member (200) comprises a guiding
tube for each of the at least one rotatably sup-
ported clamping members (120), each guiding
tube being configured for guiding an actuation
member to the respective rotatably supported
clamping member (120).

13. The bone clamp (100) of any preceding claim,
wherein
the bone clamp is configured to support an auxiliary
device.

14. The bone clamp (100) of any preceding claim, com-
prising one of

a tracker (300, 500, 700) of a surgical tracking
system supported by the bone clamp (100); and
an interface (400, 900) configured to support the
tracker (300, 500, 700).

15. A surgical tracking system comprising:

the bone clamp (100) of claim 14 supporting the
tracker (300, 500, 700); and
a sensor system (1000) configured to detect the
tracker (300, 500, 700) supported by the bone
clamp (100).

16. The surgical tracking system of claim 15, wherein
the tracker (300, 500, 700) is an optical tracker and
the sensor system (1000) comprises an optical cam-
era.
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